Church-related small private liberal arts baccalaureate minority-serving institutions like Wesley College have modest endowments, are heavily tuition-dependent, and have large numbers of financially-challenged students. In order to sustain the level of academic excellence and to continue to build student demographic diversity in its accessible robust Science and Mathematics (STEM) programs, the faculty sought federal and state funds to implement a coordinated program of curriculum enhancements and student support programs that will increase the number of students choosing STEM majors, increase their academic success, and improve retention.
INTRODUCTION
Wesley College (Wesley) is a small private coeducational baccalaureate institution designated by the federal government as a minority-serving institution (MSI) in Delaware (DE) . This liberal arts college is fully accredited through the Middle States Commission on Higher Education. For the 2013-2014 academic year (AY), the Office of Institutional Research reported that its undergraduate student population of 1600 was comprised of 839 females (52%) and 761 males (48%). The AY 2013 breakdown of the College's demographics was 43% Caucasian; 39% African American; 5% Hispanic; 3% Biracial; 1% Asian; 1% Native-American or Pacific Islander; and 8% of the undergraduates classified themself as being of an unknown race. The 2013 freshman cohort was made up of 428 students.
In the areas of science, technology, engineering and mathematics (STEM), Wesley offers Bachelor of Science (B.S.) degrees in biology, biological chemistry, environmental science, environmental policy, mathematics, and medical technology. A Master's program (M.S.) is available in environmental science. In AY 2013-2014, there were 110 STEM majors studying in Cannon Hall, the science & math building, named for alumna/ scientist Annie Jump Cannon.
Credo's comprehensive analysis showed that Wesley serves a significant number of students from populations that traditionally have not had access to higher educational opportunities. Of Wesley students, 98% receive merit scholarships and over 95% receive some form of federal financial aid. Over half of all the undergraduate students are PELL eligible, with a median adjusted gross family income of $33,274 and average adjusted gross income just under $24,000. Parents Plus Loans were denied for 50% of this population.
In the Credo study, students identified the top three reasons for not returning as (a) lack of finances (40%), (b) lack of academic ability (20%), and (c) lack of academic preparation (16%). The Credo report clearly proved that at Wesley, financial challenges are the most significant barrier to retention. Recommendations were also made for the utilization of proven high impact strategies to increase success, retention, and graduation rates ( Table 1 shows that for 2010-2013 the College had an average first-to second-year retention rate (for first-time, full-time, undergraduate students) of 46%. In comparison, according to the 2010-2013 ACT Institutional Data Files, the average freshman to sophomore retention rates for peer institutions (i.e., those with an average SAT score range of 1230-1530) was 56%, placing Wesley well below the average. Disaggregating annual retention rates by undeclared status, race, and gender, the College observed that 59% or less of students in any high-risk category returned 1 year later. Undeclared students fared the worst with only a 23% four year average retention rate ("Institutional Research," 2011) followed by Black males (36 %), White males (47%), Black females (51%), and White females (51%). Over 40% of the incoming classes were comprised of first-generation college students. First-generation college students have lower academic persistence rates and degree attainment rates than their peers with parents who have college degrees (Garriott et al., 2013 ).
Overall graduation rates at Wesley College are also low. For the previous 3 years (2010-2013), the 6-year graduation rate (i.e., bachelor's degree obtained within 6 years) averaged 32%. The low retention and graduation statistics can be attributed in part to the fact that Wesley College serves a significant number of students from populations that traditionally have not had access to higher educational opportunities. These students are very likely to enter college unprepared. The Wesley first-time, full-time freshmen had an average high school GPA of 2.7 and an average composite SAT score of 1265, which is at the very low end of the ACT Institutional Data comparison SAT profile (ACT, 2010 (ACT, -2013 . The 1265 SAT score also puts them at the 23rd percentile of all college-bound seniors, meaning Wesley students, on average, did better than only 23% of students taking the exam. As a result of the low SAT scores, many students were admitted conditionally and needed to take developmental mathematics and English courses to address academic deficiencies before moving into college-level courses. In AY 2013-2014, 53% of Wesley freshmen took developmental English, developmental math, or both.
ANALYSIS OF THE STEM PROGRAM NEEDS
In the STEM fields, Wesley offers baccalaureate degrees that align with national standards in biology, biological chemistry, environmental science, environmental policy, math, and medical technology. In biology, biological chemistry, medical technology, and environmental science, the coursework in the first two years has considerable overlap in the core science and math requirements. Instrumentation, analytical techniques, critical analysis of scientific data, informatics, writing, and communication skills are strongly emphasized in the science and math curriculum (D 'Souza & Wang, 2012) . Students majoring in medical technology complete a clinical experience in their senior year and students in the other science and math programs have a year-long senior capstone research-thesis requirement. Table 2 provides the Wesley retention data for first-time, full-time STEM undergraduates. Across four freshman STEM cohorts (2010-2014), the average (STEM-to-STEM) retention rate is 44% which was close to the overall College FTFT retention rate (46%). At Delaware's flagship research institution, the University of Delaware (UD), the average SAT score for the entering STEM freshman class was 1800 and the STEM-to-STEM retention rate across five entering cohorts (2007-2011) was shown to be 79% (Chen & Kelly, 2013) . In comparison, the institution-wide 2007-2011 FTFT retention rate averaged 92%.The 4-year graduation rates for the 2007 and 2008 STEM-to-STEM cohorts were 47% and 52% respectively. The study further showed that female, Delawareans, first-generation, under-represented minorities, and Pell Grant recipients were more likely to switch to non-STEM majors as opposed to persisting in STEM fields. Additionally, those majoring in Biological Sciences (all biology-related disciplines and agricultural science) were shown to have the highest dropout rate (Chen & Kelly, 2013 ).
Incoming Wesley STEM majors had average SAT scores that were in the bottom quarter of the national incoming freshman class. Furthermore for the cohort year 2007, the STEM programs had a 6-year graduation rate of 27% (the College 6-year graduation rate for 2007 was 22%). Hence, the much higher attrition rates observed in the Wesley STEM programs when compared to those seen at UD, builds on long-established observations that most students perform in the range that their entering credentials suggest (Bird, To probe further factors associated with Wesley's STEM attrition rate, the STEM faculty consequently evaluated the success rates of students in the typical first-year general biology and general chemistry courses (Biology I and Chemistry I). The anticipated sequence of courses for a typical Wesley science student in biological chemistry, biology, environmental science, and medical technology would be to complete College Writing, math at the level of Pre-Calculus I (or higher), Chemistry I, The Scientific Process, and a First Year Seminar (FYS) during the first semester. In the second semester, Wesley science majors complete College Writing II (Literature for Composition), sequential math, Organic Chemistry I, and Biology I.
The Scientific Process is a 1-hour-per-week course that stresses critical reading, college success assignments (such as summarizing articles and time management), and has students design and complete a small research project using Wisconsin Fast Plants. Students begin the year-long organic chemistry sequence during the second semester of their freshman year to allow for additional time for some students (D 'Souza & Wang, 2012) to catch up on their math (Pre-Calculus) requirement that was shown to be imperative (Bird, 2010; House, 1995; Lewis, 2014; Tai et al., 2006) in achieving success in general chemistry. The science department also consciously moved Biology I to the second semester due to the realization that incoming freshmen needed to show additional success metrics in basic college general education course concepts (especially in writing) prior to taking Biology I. This was done to allow this group of students the continuing opportunity to develop the ability to synthesize information obtained in general biology.
The STEM faculty realized that the logical reasoning skills for many of the incoming Wesley freshmen are very inadequate and likely limit many students from being able to synthesize the information required in biology and chemistry. Therefore in this paper (and for a poster presentation at the 2015 American Association for the Advancement of Science National Meeting; D'Souza, Kroen, & Kashmar, 2015) we first explored possible correlations between success in a specific level of college mathematics and the successful completion of Biology I, as this course had no math prerequisite. A second study involved an analysis of correlations observed between final grades in Chemistry I (typically completed in the first semester of the freshman year) versus grades obtained in in Biology I (taken in the second semester of the freshman year). A recent paper (Allen, 2014 ) also raised the possibility that critical reading is a deficient area for some students who struggle to comprehend biology. This observation complements the very low average SAT score of the incoming Wesley freshman cohort. Hence, the successful completion (in terms of final grades achieved) of college writing prior to Biology I was evaluated next.
Initially, from instructor course records obtained for the 2010 through 2014 spring semesters, a spreadsheet was compiled of all students who enrolled in Biology I (over the 5 academic years). While the majority of these students expressed an interest in pursuing STEM majors (or a minor in biology), some were clearly majoring in non-STEM fields. However, all students (n = 241) were included in this analysis, including those who may have repeated Biology I. Final grades in any math and English courses taken in the semester prior to enrolling in Biology I, or in the math and English courses concurrently completed with Biology I were obtained from the Registrar's Office. Letter grades were converted to a four-point scale ("A" = 4, "B" = 3, etc.) prior to computing Microsoft Excel®-based statistical and regression analyses. Students were deemed to have successfully completed a course only if they received a grade of "C" or higher as a final grade in that course, while grades of "D", "F", or "W" were considered to be failing. One student completed a nonsequential math course (Foundations of Geometry) and was excluded from all computations (see Table 3 ).
In Table 3 , each row shows the Wesley math course a student took the semester before enrolling in Biology I, the student outcomes in that math course, the final student grade in Biology I, the total number of students in that category, and the success of that category in Biology I (Total n = 240).
The overall pass rate for Biology I for these five cohorts was 41%. Successful completion of a college-level math course during the previous semester greatly increased the Biology I pass -rate (Table 3) . For all students taking pre-college math courses (i.e., algebra or below) in the previous semester, the biology success rate was only 20%; 46% of students in Biology I fell into this category. Over two-thirds (68%) of students who took Pre-Calculus I or higher in the prior semester succeeded at Biology I. Additionally, no student who took a math course below Pre-Calculus I earned an "A" grade in Biology I. Not surprisingly, failing any math course in the prior semester increases the likelihood of subsequently failing Biology I.
In Table 4 , from the 2009-2013 course records, the final student grades of students in Chemistry I (taken in the first semester of the freshman year) were first documented. These student records were then (manually) compared to subsequent individual performance in Biology I.
Of students taking Biology I, 37% had previously taken and successfully completed Chemistry I in the previous semester. Their success rate was 55%, and they earned a higher percentage of A, B, and C grades when compared to students who had not previously taken chemistry. For students who had both majors courses, there was a mild correlation between their final grade in Chemistry I and Biology I (Figure 1 ; R 2 = 0.5036, see Figure 1 ).
At Wesley, most students who are denied enrollment in Chemistry I have an insufficient math background. The success rate in Biology I for students with no prior chemistry was just 29%. Hence, results from this study do suggest that structured analytical comprehension strategies that usually begin to develop in mathematics coursework (Bird, In AY 2014, the Wesley science department instituted a prerequisite that students must successfully complete Intermediate Algebra (at the minimum) prior to taking either Chemistry I or Biology I. This policy was instituted to avoid needlessly setting up a student for failure in any first-year science course and thus avoiding the probability of creating some loss of interest in science.
There was a less clear-cut relationship between final grades obtained in a previous writing course and subsequent final grades in Biology I, mainly because 96% of the surveyed students passed College Writing with a grade of "C" or higher and 95% passed Literature for Composition, (which most students take concurrently with Biology I). Not surprisingly, students who enrolled in Basic Writing and the few students who did fail their English course also failed Biology I. Very mild support is shown for Allen's (2014) findings of a strong correlation between reading ability and science assessment score, as this study examined student course grades, a more "blunt instrument" for evaluation than the measures to which Allen had access. The relationship between success in science courses and an entering student's SAT-R (Reading) score might be more meaningful (and interesting) assessment.
IMPLEMENTATION OF HIGH-IMPACT STRATEGIES TO IMPROVE OUTCOMES
Wesley has documented significant successes with its better-prepared students. The Wesley STEM program is very committed to effective institution-wide practices ( Table 1 ).
In AY 2014, the Wesley College faculty developed a progressive core-curriculum model and implemented a signature undergraduate research experience piece embedded within this new core. This core dramatically altered the culture of the institution and championed our STEM efforts. Research has confirmed that undergraduate research is a "high impact practice" that supports increased retention and student success (Felder & This vibrant core curriculum revision helps all Wesley students, but particularly those from populations with lower retention rates, to engage earlier in their academic experience, and to follow a developmentally appropriate and systematic curriculum that integrates thinking across disciplines and begins engagement in undergraduate research.
Additionally, to encourage greater participation in undergraduate research across campus, the College also hosts an annual Scholars Day event, which is an opportunity for students to present their research completed under the mentoring of a faculty advisor. Specifically, it is designed to demonstrate, highlight, promote, and encourage scholarship. Students can present their results to the campus community through an oral presentation, a poster presentation, or a performance.
Through receipt of an NSF Scholarships in STEM (S-STEM) award (NSF DUE 1355554), the STEM faculty established the Cannon Scholar program that is designed to recruit and retain diverse, academically-talented STEM students (Cannon Scholars) who can thrive in our robust STEM programs in spite of unmet financial challenges. The main goal of the Cannon Scholars program is to increase qualifications of entering students, so the program anticipates that more students would enter Wesley College with higher math SAT scores and have the ability to take, and be successful in, STEM major courses earlier in their career. These better-prepared students would be more likely to persist as STEM majors. To achieve our objectives, the College has implemented four major initiatives: (a) increased academic support for STEM freshmen and the recruitment of undeclared students to STEM majors by implementing a comprehensive first-year program (including first year seminars, common intellectual experiences, learning communities, student activities, and undergraduate research experiences), (b) strengthened academic programs (including course revisions) to improve student outcomes, (c) strengthened support structures for at-risk students (including early alert systems, extensive peer and faculty mentoring, and career guidance), and (d) financial scholarships for STEM students to address the financial resource issue.
To improve retention and with partial support from the DE-EPSCoR and DE-INBRE programs, the Office of Academic Affairs reorganized student support services to include an Executive-Director of Student Success and Retention (DSSR). The DSSR is integrating services (see Figure 2) for high need students, including a coordinated first-year program that consists of a series of orientation activities, programs, and courses to help students navigate the demands and challenges of college life, and forge connections with counselors, faculty, staff, and peers.
In recognition of the fact that many of our students are the first in their families to attend college, we have enhanced our support structures to improve coordination of mentoring these students. Wesley has implemented software for early alert and case management, Pharos 360™, enabling faculty and staff to record their interactions and communications concerning our students. In this case management software, the DSSR creates Care Areas for groups of students, such as STEM or Cannon Scholars, assigns Case Managers and closely monitors and mentors each of these students. This new system improves administrative efficiency and greatly aids in developing an infrastructure to identify, manage case notes, and mentor students.
The enhanced tutoring services also reflect the needs of Wesley students. The College hires high-achieving students (upper-class Cannon Scholars) recommended by faculty and trains them to standards set by the College Reading and Learning Association (CRLA). The Pharos 360™ software is used to record Session Reports each time a student visits a subject tutor and professors receive copies of each report.
To recognize that some students will need assistance in areas that more experienced scholars take for granted, we have created our Seminars for Academic Success, a year-long series of workshops addressing strategies for successful students. These include the typical study skills such as note-taking, academic research, and test preparation, but also extend to use of technology and college etiquette.
The Career Development Center offers targeted seminars for resumes for the sciences, networking and interview skills. Students can complete online self-assessments on the Focus2Career™ software to fine-tune their career goals and trajectory. This early stage career initiative will help students develop academic and career goals and increase persistence rates (Kuh, 2008; Tinto, 2012) .
CONCLUSIONS
The 2011 College-wide self-study strongly indicated that student finances and lack of college-level preparedness were having a significant detrimental effect on student retention at Wesley College. The observations of very low incoming freshman SAT scores coupled with resultant analyses of correlations observed between the final course grades in the firstyear math, chemistry and biology courses, indicate that logical critical and creative thinking skills could be developed in wisely placed consequential STEM courses. This systematically-paced format should effectively prepare the students to catch up in the STEM track after inadequate high school preparation.
Federal and state infrastructure grants (NIH-NIGMS-INBRE, NSF-EPSCoR, NSF ARRA, and NSF S-STEM programs) facilitate and support the educational infrastructure of the College, increase diverse participation in the STEM fields, make the Wesley-STEM programs competitive, and greatly impacts student STEM-interests and careers. Additionally, these grants have allowed us to create multi-tiered mentoring strategies and curriculum reform that will have a lasting influence on student-centered learning that is guaranteed to become part of the academic culture at Wesley. 
